Abstract. Local-regional recurrence for patients with ≥pT3 disease after radical cystectomy is a significant problem. Chemotherapy has not been shown to reduce the risk of local-regional recurrences in randomized prospective trials, and salvage therapies for local-regional failure are rarely successful. There is promising evidence, particularly from a recent Egyptian NCI trial, that radiation therapy plus chemotherapy can significantly reduce local recurrences compared to chemotherapy alone, and that this improvement in local-regional control may translate to meaningful improvements in disease-free and overall survival with acceptable toxicity. In light of the high rates of local failure following cystectomy for locally advanced disease and the progress that has been made in identifying patients at high risk of failure and the patterns of failure in the pelvis, the NCCN guidelines were revised in 2016 to include post-operative radiotherapy as an option to consider for patients with ≥pT3 disease. Despite advances in our understanding of the problem of local-regional failure after cystectomy and the potential role of adjuvant radiotherapy, the question of whether adjuvant radiotherapy should have a defined role for patients with locally advanced urothelial carcinoma has not yet been determined. The results of the NRG, European, Indian, and Egyptian trials on adjuvant radiotherapy are eagerly awaited. While none of these trials on their own may provide definitive conclusions, their aggregate outcomes will help clarify whether this treatment should have a role in the management of patients with locally advanced bladder cancer.
INTRODUCTION
Local-regional recurrence following radical cystectomy for patients with locally advanced urothelial carcinoma is common. The risk of local-regional recurrence is not diminished with chemotherapy, and salvage treatment is rarely successful. There has recently been growing interest in adjuvant radiotherapy for bladder cancer following cystectomy. In this review article, we discuss the problem of local-regional failure after cystectomy and review the relevant literature on adjuvant radiotherapy for bladder cancer.
INCIDENCE OF LOCAL-REGIONAL FAILURES
Radical cystectomy and pelvic lymph node dissection is associated with 5-year overall survival of approximately 60% for disease confined to the bladder (pT2), but overall survival decreases to only 10-50% when disease extends into the extravesicular tissues (≥pT3), with most patients dying with distant metastases [1] . Considerable attention has been directed to the problem of distant failure after cystectomy. Chemotherapy has been utilized in an attempt to address this problem, but randomized trials of neoadjuvant chemotherapy have demonstrated only a modest improvement in overall survival while adjuvant chemotherapy trials have had mixed results [2, 3] . Relatively little attention has been paid to the problem of local-regional recurrence after cystectomy, probably because relatively few pelvic failures were reported in the earlier surgical literature. Several institutions reported pelvic failure rates of only 7-13% even for patients with ≥pT3 disease [4] [5] [6] .
Many reports under-estimated local-regional failure rates due to a number of factors. Few studies performed routine pelvic surveillance with CT or MRI to detect early pelvic failures [4, 5, 7] , which are often asymptomatic and therefore not likely to trigger an imaging evaluation during routine follow-ups [8] . Even with routine CT surveillance, there is a significant risk of false negatives that results in systematic under-detection of pelvic disease [9] . Perhaps most importantly, most studies did not report pelvic failures unless they were the first and only site of failure without synchronous distant metastases [6, [8] [9] [10] [11] [12] .
There is good evidence that pelvic recurrences in locally advanced bladder cancer are more common than previously suspected. In the SWOG 8710 trial of radical cystectomy with or without neoadjuvant methotrexate, vinblastine, adriamycin/doxorubicin and cisplatin (MVAC), the 5-year cumulative incidence of local-regional failure for patients with ≥pT3 urothelial carcinoma was 32% [1] . The 2011 update of the MRC trial of neoadjuvant cisplatin, methotrexate and vinblastine (CMV) chemotherapy followed by cystectomy or definitive radiotherapy reported a 5-year local-regional recurrence rate of 46% and 58% for cystectomy patients with and without neoadjuvant chemotherapy, respectively [13] . A meta-analysis of randomized controlled trials with or without platinum-based chemotherapy following local therapy (usually radical cystectomy) demonstrated that 26% of patients with chemotherapy had local recurrence as a first event with or without synchronous distant failure [12] . Clinically staged patients treated at MD Anderson, most of whom received chemotherapy, had 5-year local failure rates after radical cystectomy of 29% and 44%, respectively, for clinical T3b and clinical T4 disease [14, 15] . The University of Pennsylvania (PENN) experience of 442 cystectomy patients who were followed with CT or MRI every six months also demonstrated a relatively high risk of local-regional recurrence for patients with ≥pT3 disease with a 5-year cumulative incidence of 28% [16] . Even in the most modern series, including the PROMETRICS 2011 cohort of prospectively followed European patients who underwent cystectomy in 2011, local-regional failure was 15-39% for ≥pT3 patients [17] . The problem of local-regional recurrence is not confined to Europe and North America, with similarly elevated localregional failure rates reported for ≥pT3 patients in a large retrospective Korean cohort [18] . Collectively, these data demonstrate that local recurrence after radical cystectomy for locally advanced disease is relatively common.
RATIONALE FOR ADJUVANT RADIATION THERAPY
Investigators have hypothesized that improved local control may lead to improved disease-free and overall survival. This hypothesis is supported by several lines of evidence. Multiple retrospective surgical series have demonstrated improved survival with more extensive nodal dissections even in the absence of nodal metastasis [19] . This finding, which is being tested in the ongoing SWOG 1011 trial randomizing patients to extensive versus standard lymphadenectomy, suggests that eradicating occult nodal disease may improve survival by decreasing distant as well as local failure. A similar trial from the German Urologic Oncology Group trial (AOU AB 25/02) reported an improvement in cancer-specific survival with the extended lymph node dissection (77.5% vs. 66.2%) but the difference was not statistically significant [20] . Post-hoc analysis of pT2 patients demonstrated a statistically significant overall survival benefit for the extended dissection. There is also evidence from MD Anderson that localregional recurrence often precedes, but uncommonly follows, the appearance of distant metastases, suggesting that local failure may seed distant metastases [14] . This study also reported that local-regional recurrence was an independent prognostic variable predicting distant metastasis, a finding also reported by other investigators [21] .
If local failures play a role in the subsequent development of distant disease, then adjuvant therapy is needed to enhance local control. Chemotherapy does not appear to improve pelvic control in patients with locally advanced disease. There was no reduction in local-regional failures with the addition of chemotherapy to cystectomy in the SWOG 8710 study randomizing patients to neoadjuvant MVAC chemotherapy versus no chemotherapy [22, 23] or in the MRC trial randomizing cystectomy patients to neoadjuvant CMV versus no chemotherapy [13] . The retrospective PENN experience [1, 16] also found no reduction in local-regional failure with the addition of neoadjuvant or adjuvant chemotherapy. The inability of systemic therapy to enhance local control suggests a potential role for adjuvant local treatments such as radiation therapy to diminish local failures, and adjuvant radiation therapy is already the standardof-care for locally advanced disease for a variety of cancers, including glioblastoma multiforme, head and neck cancer, non-small cell lung cancer, breast cancer, gynecologic cancers, and soft tissue sarcoma.
The need for adjuvant therapy to reduce local failures would be less compelling if successful salvage therapies were available, as is the case following radical prostatectomy in which early salvage radiotherapy after biochemical recurrence is a viable alternative to immediate adjuvant radiation in highrisk prostate cancer patients. Unfortunately, salvage treatment of clinically detected local-regional recurrences after cystectomy is rarely successful, with a median survival of 9 months following development of local-regional recurrence [24] . In the PENN series, only 1 in 80 patients with pelvic recurrence remained alive at 5 years [24] . The large doses of radiation necessary to control grossly recurrent bladder cancer is usually precluded by the close proximity of critical normal structures, particularly bowel and the patient's neobladder/urinary diversion [25] . Even if there is no discernible improvement in survival from adjuvant local therapy, there is a rationale for adjuvant local therapy to prevent the often substantial morbidity of pelvic recurrences [26] which can cause pain and ureteric, venous, or lymphatic obstruction.
EFFICACY OF ADJUVANT RADIATION THERAPY IN THE EXISTING LITERATURE
More direct support for adjuvant radiation therapy is provided by promising outcomes in small prospective studies in Egyptian cohorts and an Italian study. Zaghloul et al. (1992) conducted a trial of post-operative radiotherapy that randomized 236 radical cystectomy patients with pT3a-pT4a disease to receive either observation or post-operative radiotherapy given either as 37.5 Gy in 1.25 Gy fractions given three times per day separated by at least 3 hours over 12 days OR 50 Gy in 2 Gy daily fractions over 5 weeks [27] . Patients were enrolled from 1981 -1984. The study reported 5 year DFS of 44% with conventional fractionation, 49% with hyperfractionation, and 25% with observation (p < 0.01). Local-regional control at 5 years also significantly favored the radiotherapy arms, with pelvic control rates of 93%, 87%, and 50%, respectively (p < 0.01). While 80% of the patients on the study had squamous cell histology and only 20% urothelial neoplasms, the authors reported that the results of the study did not vary based on histology [27] . This trial helped to establish adjuvant radiotherapy as the standard-ofcare for locally advanced disease in Egypt, but the study did not change practice in the rest of the world where the overwhelming majority of patients have urothelial carcinoma. Post-operative radiation therapy was also an independent predictor of improved cancer-free survival in a small Italian study published in abstract form [28] .
At the NCI in Egypt, post-operative radiation therapy was then tested against pre-operative radiotherapy in a randomized trial of 100 patients enrolled from [2004] [2005] [2006] [2007] . Both arms were treated with 2-D radiotherapy to 50 Gy in 25 fractions over 5 weeks [29] . There was no significant difference between the two arms with respect to oncologic outcomes. The study is useful for demonstrating that post-operative radiotherapy, even with the use of 2-D radiotherapy techniques, was associated with relatively modest late grade 3 GI toxicity (2 out of 50 patients).
Zaghloul et al. at the NCI in Egypt then conducted a follow-up randomized trial of adjuvant radiation therapy that compared radiation vs. sequential chemo+RT after radical cystectomy for locally advanced bladder cancer. A third arm was later added using adjuvant chemotherapy alone. The results for the randomized phase II comparison of the sequential chemotherapy plus RT vs. chemotherapy alone arms were presented at ASTRO 2016 [30] . The trial included locally advanced bladder cancer patients (≥pT3b, grade 3, or positive nodes) who had negative margins after surgery. Chemo+RT included 2 cycles of gemcitabine/cisplatin before and after RT to 45 Gy in 1.5 Gy twice-daily fractions using 3D-conformal techniques. Chemotherapy alone included 4 cycles of gemcitabine/cisplatin. The chemo+RT arm accrued 75 patients from 2002 -2008. The chemotherapy alone arm accrued 45 patients from 2007-2008 with a 4 : 1:1 randomization weighted toward chemotherapy alone. The primary endpoint was local-regional recurrence free survival (LRFS). Fifty-three percent had urothelial carcinoma; 47% had squamous cell carcinoma/other. Median follow-up was 21 and 17 months for the chemo+RT and chemotherapy arms, respectively. The two arms were balanced except for age (mean 52 vs. 55 years, p = 0.04) & tumor size (mean 5 vs. 6 cm, p < 0.01), both favoring chemo+RT. Two-year outcomes and overall adjusted hazard ratios (HR) for chemo+RT vs. chemo alone were 96% vs. 69%; HR 0.08 (95% CI 0.02-0.39, p < 0.01) for LRFS, 68% vs. 56%; HR 0.53 (95% CI 0.27-1.06, p = 0.07) for disease-free survival and 71% vs. 60%; HR 0.61 (95% CI 0.33 -1.11, p = 0.11) for overall survival. The study demonstrated a significant improvement in local-regional recurrence and a marginally significant improvement in disease-free survival and overall survival with the addition of radiotherapy. RTassociated late grade 3+ GI toxicity was observed in 5 patients (7%) in the chemo+RT arm.
This study reports promising outcomes but has important limitations. The weighted randomization when the 3rd arm was added later caused imbalances between the chemotherapy alone and chemo+RT arms in terms of age and tumor size. The relatively small size of the patient cohort (n = 120) may be underpowered to detect a statistically significant difference in survival between the two arms. The heterogeneity of the tumor histology, with a sizeable minority of patients having non-urothelial disease, may limit the applicability of the study to patient populations outside of the Middle East.
TREATMENT-RELATED TOXICITIES OF ADJUVANT RADIATION
Although early studies demonstrated that adjuvant radiotherapy decreased pelvic recurrences and in some cases improved disease-free survival and even overall survival compared to cystectomy alone, interest in adjuvant radiotherapy waned decades ago, in large measure because of excessive gastrointestinal toxicity associated with older radiation techniques from the 1970s-1980s and improvements in surgical technique which many investigators believed obviated the need for adjuvant radiation [31, 32] . The clinical trial of post-operative radiation vs. observation conducted by Zaghloul et al. at the NCI in Egypt between 1981-1984 reported significant late GI toxicity in 14 of the 39 assessable patients (36%) treated with standard fractionation although late GI toxicity was reduced in the group treated with accelerated hyperfractionation (125 cGy fractions) with significant late GI toxicity in 4 of 51 patients (10%) [27] . Reisinger et al. reported severe late toxicity in 20 of 40 patients (50%) treated with sandwich radiotherapy [31] . A study by Spera et al. reported that 59% of the 22 patients treated with 5 Gy × 1 pre-operative radiation therapy followed by 45 Gy in 4.5 weeks of post-operative radiation had significant post-treatment complications [28] . The high reported toxicity for adjuvant radiation was likely due to a combination of radiation-specific factors as well as the high rates of toxicity seen with cystectomy alone in early series. Radiation specific factors included the use of older 2-D radiotherapy techniques, large radiation treatment fields encompassing the entire pelvis, and field arrangements using AP/PA beams which would increase bowel dose compared to other field arrangements [31] . The high complication rates of cystectomy alone were demonstrated in the Spera series, in which 10 of 20 cystectomy patients (50%) had serious complications compared to 59% in the cystectomy plus RT cohort. Larger cystectomy series have demonstrated similar findings. In the Mayo Clinic experience of 1,057 cystectomy patients who underwent urinary conduit diversion from 1980-1998, significant conduit-related complications occurred in 61% of patients, with 20% having bowel complications and 16% having stomal complications [33] . Complication rates after surgery alone are significant even in more modern series. The German AUO trial of standard vs. extended lymph node dissection reported 90 day Clavien grade ≥3 complications of 26-30% and 90 day post-operative mortality of 4%. The studies of adjuvant radiation therapy in the USA with older radiation and surgical techniques were small and toxicities were high, resulting in abandonment of adjuvant radiation, although it could be argued that the marginal toxicity of adjuvant radiation was relatively low in comparison to the toxicity of cystectomy alone. The late grade 3+ GI toxicity of adjuvant chemo-radiotherapy using modern 3-D conformal radiotherapy in the Egyptian trial reported at ASTRO 2016 was only 7%, suggesting that adjuvant radiotherapy with modern techniques can be delivered with considerably less toxicity than what was reported in the past.
SELECTING PATIENTS FOR ADJUVANT RADIATION TRIALS
A critical challenge for modern trials of adjuvant radiotherapy is the need to select patients appropriately who have a high risk for local-regional failure and are therefore more likely to benefit from adjuvant local therapy. Prior studies to identify the risk factors predicting local failure produced conflicting results. Myriad factors were reported to predict pelvic relapse on univariate analysis, including: pT stage [1, 14, 23] , pathologic nodal status [21, 23, 34] , mixed histology disease [35] , surgical margins [1, 7, 15, 23] , extent of node dissection [1, 16, 35] , density of positive nodes [36] , and patient age [23, 34] . Investigators at PENN developed a risk stratification model to identify patients at increased risk of local-regional recurrence based on a cohort of 442 consecutive cystectomy patients treated from 1990-2008, 29% of whom received adjunctive chemotherapy, and all of whom were followed with routine pelvic CT/MRI following surgery [16] . Local-regional failure was defined as any failure below the aortic bifurcation detected before or within three months of distant metastases, excluding the inguinal nodes. On multivariate competing risk analysis, ≥pT3 stage and number of nodes excised (<10 vs. ≥10) were significant independent predictors of local failure. Pelvic nodal involvement was a predictor of local-regional failure on univariate analysis but was not predictive on multivariate analysis, which may be due to the relatively high competing risk of distant disease for patients with involved nodes.
For validation, the PENN experience was compared with data from the SWOG 8710 study of 317 patients with cT2-T4a disease randomized from 1987 to 1998 to receive cystectomy with or without neoadjuvant MVAC chemotherapy (19) . From the combined cohorts, a risk stratification model was developed using pathologic stage, number of nodes excised, and margin status. Three patient subgroups were identified with significantly different local failure risk: low-risk (≤pT2), intermediate-risk (≥pT3 with negative margins and ≥10 nodes identified), and high-risk (≥pT3 with positive margins OR <10 nodes identified) with 5-year cumulative incidence of LF of 8%, 20%, and 41% in the SWOG cohort and 8%, 19%, and 41% in the PENN cohort (1) (Fig. 1) . The risk stratification model identified subgroups that have significantly different overall survival, confirming its clinical relevance. The subgroups did not have significantly different rates of isolated distant metastasis, suggesting that the model is not merely a predictor of distant disease. This model was externally validated in two additional patient cohorts. Froehner et al. validated the model using a multinational, European prospective cohort of 565 patients (PROMETRICS 2011) [17, 37] . Ku et al. also validated the model in a retrospective cohort of 398 Korean patients, suggesting that the risk stratification is valid not only in a US or European population but also in a large Asian cohort [18] .
To address concerns that a risk stratification model developed using historical databases may not accurately reflect the patterns and incidence of failures associated with contemporary surgical practice, the year of cystectomy was used as a proxy for the Fig. 1 . PENN risk stratification for predicting local-regional recurrence after radical cystectomy. evolution of surgical techniques over time, and no differences were found in the local failure estimates for each subgroup as a function of the year of surgery [38] . This finding lends credence to the validity of the model to identify patients at increased risk for localregional failure in the modern era, even though the model was developed from a cohort in which many of the patients were operated on in the late 1980s and 1990's. Additional support for this conclusion can be drawn from the fact that the model was externally validated by Froehner et al. whose patient database was limited to patients undergoing cystectomy in 2011 [37] .
The PENN model was originally developed using a cohort of consecutive patients from a single institution, so there was concern that the model may not accurately predict the expected local-regional failure rates that would be observed in a protocol setting in which trial accrual bias might result from the exclusion of patients who develop local failure, distant metastases, are lost to follow-up, or die soon after their cystectomy before they could be enrolled in a study of adjuvant therapy [38] . To assess the potential impact of trial accrual bias on the model, the investigators determined the model's ability to stratify patients into distinct risk groups when patients likely to be excluded from a prospective protocol were censored from the patient databases. They found that trial accrual bias would not affect the risk stratification model's validity and would not be likely to change the model's predictions about the absolute rate of local-regional recurrence associated with each risk category [38] .
Additional analysis also shed light on the effect of different subgroup definitions on the results of the PENN risk stratification. In particular, the authors evaluated several of the assumptions used in the NRG-GU001 trial randomizing patients at intermediate or high-risk of local failure after radical cystectomy with or without chemotherapy to either observation or adjuvant radiation therapy to 50.4 Gy. The NRG trial adopted the PENN externally validated risk stratification model with the exception that the trial designers excluded patients from their intermediate risk group who had pT3a disease with negative margins and more extensive nodal dissections. In the initial analysis of the PENN cohort, the authors investigated whether to group these relatively more favorable pT3a patients with the low-risk or intermediate-risk subgroups but found that the Harrell's c-index was maximized if these patients were grouped with the intermediate-risk cohort [16] , but it was clear that these pT3a patients had more favorable local failure rates compared to other patients in the intermediate-risk subgroup. When the NRG criteria were applied to the PENN-SWOG cohorts, the two risk groups defined by the NRG risk stratification (intermediate and high-risk) have significantly different LF rates, supporting the validity of the risk stratification model [38] . In addition, the 35 pT3a patients who were excluded from the intermediaterisk group had significantly lower rates of LF than either the NRG intermediate risk group or the NRG high risk group, further supporting the validity of the NRG's modification of the PENN risk model [38] .
Reddy et al. recently proposed an alternative to the PENN risk stratification [39] . In their single institution series, only pT stage and pN stage were significant independent predictors of pelvic failure. There is conflicting evidence in the literature about the importance of pN stage as a predictor of pelvic recurrence, possibly related to differences in statistical methodology. For example, the PENN risk stratification was developed using cumulative incidence and competing risk analysis with death, isolated distant metastases, and second malignancies treated as competing events [1] , the Reddy study used standard Kaplan-Meier survival analysis and Cox regressions. In the setting of locally advanced bladder cancer where the risk of competing events is high, standard survival analysis generates higher estimates for pelvic failure than cumulative incidence methods, which can affect the risk factor analysis [40] . In a previous analysis of the PENN data, pN stage was a significant independent predictor of pelvic failure using Cox regression analysis but was not a significant independent predictor using the competing risk approach [40] . Additional analysis is needed to study the effect of pN stage on rates of pelvic failure.
LOCAL-REGIONAL FAILURE BY PELVIC SUB-REGIONS
It is insufficient merely to identify patients at elevated risk of pelvic failure. The patterns of failure within the pelvis must also be defined to identify appropriate radiation therapy targets and to predict the toxicity of treating such targets. Two single institutional series have addressed this issue for the purposes of rationalizing adjuvant radiation therapy target volumes. The study by Baumann et al. reviewed 5-year LF rates after cystectomy for 8 pelvic sites among 442 urothelial bladder carcinoma patients [24] . Patients with ≥pT3 disease had significantly higher LF rates at nearly all pelvic sites compared to early-stage patients ( Fig. 2A) . Among stage ≥pT3 patients, margin status significantly altered the pattern of failure, but extent of node dissection and nodal positivity did not. In stage ≥pT3 patients with negative margins, failures occurred primarily in the common iliac, internal/external iliac, and obturator nodes with 5-year LF rates of 9.7%, 7.0%, and 8.8%, respectively, while failure in the cystectomy bed and/or presacral nodes was uncommon (5-year LF rates of 2% and 0.7%, respectively) (Fig. 2B) . For these patients, 76% of all their subsequent sites of local failure would be encompassed within CTVs covering only the iliac/obturator nodes. For stage ≥pT3 patients with positive margins, failures were still predominantly in the pelvic sidewall nodal region, with 5 year LF rates of 9%, 18.5%, and 16.5% for the common iliac, external/internal iliac, and obturator nodes, but the incidence of cystectomy bed and presacral nodal failures increased significantly (13.1% and 5.5%, respectively) (Fig. 2B) . Clinical target volumes limited to the iliac/obturator nodal regions would only encompass all sites of failure in 57% of patients with positive margins destined to develop pelvic recurrence. Including the presacral and cystectomy bed regions increased the percentage of local failures encompassed within the radiation portals to 91%. This data suggested that adjuvant RT protocols should target at least the obturator and iliac regions in stage ≥pT3 patients with negative margins. Coverage of the presacral region and cystectomy bed may be warranted for stage ≥pT3 patients with positive surgical margins [24] . The study of pelvic failure by Baumann et al. was based on a single-institution's experience and has not been externally validated. The study by Reddy et al. also showed that most failures occurred in the pelvic sidewall nodal regions with an increase in failures noted in the cystectomy bed and presacral region when the surgical margins were positive [39] . For pT3 and pT4 patients, 2 year LF rates were 8% and 11% for the common iliac nodal region, 6% and 15% for the external/internal iliac region, 7% and 19% for the obturator nodal region, 4% and 6% for the cystectomy bed, respectively. The authors found that there was a significantly increased risk of failure in the pelvic sidewall nodal regions for patients who had pathologically involved nodes at the time of surgery, an inconsistency with the prior patterns of failure analysis that may be related to differences in the way competing risks were handled, as mentioned previously.
ADJUVANT RADIATION PLANNING AND DELIVERY TECHNIQUES
Early studies of adjuvant radiotherapy in the US used 2-D radiation treatment techniques and were associated with relatively high rates of late GI toxicity using pre-1980s radiation techniques [31] . A more precise identification of the organs at risk, combined with advances in radiation delivery modalities, such as 3-D conformal radiotherapy, intensity modulated radiation therapy (IMRT), and proton therapy, could potentially reduce GI toxicity and improve the therapeutic ratio of adjuvant radiotherapy. The only study to report a comparison of different treatment techniques assessed the effect on bowel and rectal dose of three different treatment modalities treating clinical target volumes that encompassed either the pelvic sidewall nodal region alone (for negative margin patients) or the pelvic sidewall nodal region plus the presacral region and the cystectomy bed (for positive margin patients) [41] . The study reported a dosimetric advantage for IMRT and pencil beam scanned proton radiotherapy over 3-D conformal radiation to improve rectal and bowel dose, although the clinical importance of such results could only be confirmed on a clinical trial. There was no significant difference between the proton and IMRT plans with respect to bowel or rectal dose. Based on this dosimetric analysis, the trials at the NRG, GETUG-AFU, the University of Ghent, and Tata Memorial Hospital in India require an IMRT approach.
With the adoption of highly conformal radiation delivery techniques comes a greater emphasis on careful delineation of the clinical target volumes to prevent a marginal miss. International consensus guidelines were developed for the clinical target volumes and organs at risk for adjuvant radiation therapy, as these structures were not well-defined in the literature [25] . The purpose of this study was to achieve a multi-disciplinary, multi-institutional, international consensus defining clinical target volumes (CTVs) and organs-at-risk (OARs) for bladder cancer patients undergoing adjuvant radiation in clinical trials and to describe those targets and OARs in a way that generates consistent contours. Twenty-five radiation oncologists and urologists from 16 institutions and 5 countries participated in the study. The group proposed that patients at elevated risk for local-regional failure with negative margins should be treated to the pelvic nodes alone (internal/external iliac, distal common iliac, and presacral) whereas patients with positive margins should be treated to the pelvic nodes and cystectomy bed [24, 25] . Proposed OARs included the rectum, bowel space, bone marrow, and urinary diversion. The area of greatest discussion in the development of the consensus contours was the cystectomy bed CTV. Consensus language describing the CTVs and OARs was developed and externally validated, and the revised instructions were found to produce consistent contours [25] . The consensus contouring guidelines have been adopted in the ongoing trials at the NRG, GETUG-AFU, Tata Memorial Hospital, and the University of Ghent.
ONGOING AND PROPOSED PROSPECTIVE STUDIES OF ADJUVANT RADIATION
Multiple clinical trials of post-operative radiotherapy have recently opened or are in development around the world, including three cooperative group trials the currently accruing NRG trial (NRG-GU001), the GETUG-AFU trial in France, and the proposed NCRI trial in the UK as well as single institution trials at Tata Memorial Hospital in India, the University of Ghent in Belgium, and the NCI in Cairo [40, 42] . Table 1 summarizes design elements of these trials. Future efforts may examine the role of adjuvant radiotherapy in combination with immunotherapy and chemotherapy, as there may be a synergistic effect with radiation and certain immune therapies (e.g. anti-PD-1 and anti-PD-L1 inhibitors).
CONCLUSIONS
Local regional recurrence for patients with ≥pT3 disease after radical cystectomy is a significant problem. Chemotherapy has not been shown to reduce the risk of local-regional recurrences in randomized prospective trials, and salvage therapies for local-regional failure are rarely successful. There is promising evidence, particularly from a recent Egyptian NCI trial, that radiation therapy plus chemotherapy can significantly reduce local recurrences compared to chemotherapy alone, and that this improvement in local-regional control may translate to meaningful improvements in disease-free and overall survival with acceptable toxicity. In light of the high rates of local failure following cystectomy for locally advanced disease and the progress that has been made in identifying patients at high risk of failure and the patterns of failure in the pelvis, the NCCN guidelines were revised in 2016 to include post-operative radiotherapy as an option to consider for patients with ≥pT3 disease [43] . Despite advances in our understanding of the problem of local-regional failure after cystectomy and the potential role of adjuvant radiotherapy, the question of whether adjuvant radiotherapy should have a defined role for patients with locally advanced urothelial carcinoma has not yet been determined. The results of the NRG, European, Indian, and Egyptian trials on adjuvant with standard treatment Adjuvant RT will improve the 2-year PRFS to 85%
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